Abstract. During the fine comminution of clay minerals and layered silicate materials with relative large volume of specific surface area appreciable changes in chemical and minerological compositions can be observed. In this paper is described the mechanochemical investigation of conventional clay minerals from "Lenti" region (Hungary), having natural BET specific surface larger than 35-40 square metres per grams. The laboratory experiments made by author had shown an intensive reduction of specific surface volume at the beginning of grinding, further relatively slow growth and reduction of BET and Langmuir surfaces were observed. The content of mineral Muscovite-2M1 -(K, NH4Na)Al2(SiAl)4O10(OH)2 -has decreased and the contents of QuartzSiO2 -and Illite-1M (NR) -KO.7Al2(SiAl)4O10(OH)2 -have increased considerable depending on grinding time. Increasing the milling time the amount of Albite -NaAlO.91Si3O8 -and other mineral components were also not stable, but their content have varied not so strong as Muscovite-2M1 or Quartz and Illite-1M. The examined clay minerals had a certain proportion of amorphous particles as well, but in this contribution only the changes in proportions of crystalline particles are described.
Introduction
To decrease the particle sizes and increase the specific surface area of materials is one of the most energy-intensive technological processes [1, 2] . Already in 1974 [3] and in 1980 [4] were shown, how the required energy of crushing and grinding was dependent on both of used equipment and the physico-mechanical properties of ground materials. In the ceramic facing-brick and roof-tile industry the reduction of particle sizes is one of the most energy-intensive technological processes not only because of the used equipment and physico-mechanical properties of milled materials, but of the mechanochemical phenomena taking place during fine comminution.
Changes in chemical composition of materials occurring during fine grinding were observed and published first already in 1894. [5] and the term of "mechano-chemistry" in 1919 [6] . In spite of these early two works, the transformation and changes in chemical composition of materials occurring through the action of mechanical energy as "mechanochemical reactions" were interpreted first only in 1962 [7] . In Hungary the first publications on mechanochemistry were appeared in the late of the sixties and were mainly based in works of Juhász [8, 9, 10] and Opoczky [11, 12, 13] . Later considerable works were published by Péter [14, 15] . At present it is obvious the surface sizes, structures, activities and the internal chemical and crystal composition of materials can be modified by a controlled mechanical activation process [16] [17] [18] [19] [20] [21] [22] [23] 
Materials and experimental procedures
Nowadays, ceramic items are normally produced with materials having submicron and nanoparticles [24] [25] [26] [27] [28] . The raw materials mined at the European ceramic brick and roof-tile plants usually contain considerable proportions of clay minerals, phyllosilicates, layered and amorphous silicate materials [29] [30] [31] [32] [33] [34] , and have submicron particles in different ratios with different specific surface area and grain size distribution. In extrusion and forming process of frost-resistant ceramic facing bricks and roof-tiles the used raw materials usually have a large volume of particles with grain sizes less than 300 nm [29, 35] . Because of these, in the most of ceramic plants additional grinding and fine comminution are required [29, 33, 35] . To understand the effect of mechanical activation on the physico-chemical, mineralogical and technological properties of clay minerals conventional brick clay from region Lenti (Hungary) was examined. The "Lenti-clay" has a complex mineralogical composition of which the mechanical activations were made on laboratory pan grinder (Fig. 1.) . Using pan grinder the volumes of mechanical energy are turned on development of crushing pressures and shear stresses in ground material can be determined by mathematical equations of [36] . To evaluate the efficiency of mechanical activations and mechanochemical processes TriStar 3000 specific surface tester and Bruker D8-Advance XRD were used. The "average" mineralogical composition of the conventional Lenti clay determined by X-ray powder diffraction (XPD) is shown in Table 1 . To determine the average BET and Langmuir specific surfaces and the proportions of mineralogical composition each experiment and measurement were repeated by 5 times.
Results and discussion
During fine comminution of conventional brick clays on pan grinders several factors influence on the mechanical activation and mechanochemical processes. Some of the most important from them are the followings:
• Chemical and mineralogical composition of ground material;
• Crystal structure and lattice parameter of mineral components;
• Volumes and values of stresses developed in material particles during grinding;
• Interatomic bonding forces on surfaces and inside of ground particles;
• Grinding times and temperatures. The theoretical curve of developed specific surface as function of grinding time [37] is shown in Fig. 2 . On this theoretical curve 3 well separated zones can be observed. Those are:
• Rittinger-zone: growth of specific surface is proportionate to grinding time;
• Aggregation-zone: intensity of specific surface growth is decreasing by grinding time;
• Agglomeration-zone: the specific surface is decreasing by comminution time. The BET and Langmuir specific surfaces achieved during fine comminution of conventional Lenti clays (Hungary) on laboratory pan grinder (Fig. 3.) are quit different, than theoretical. 
Materials Science Forum Vol. 659
Instead of growth both BET and Langmuir specific surfaces have decreased very intensively in the first 30 minutes of grinding. After 60 minutes the specific surface reduction diminished considerable and after 120 minutes of comminution there were no remarkable changes in specific surfaces. On the other hand, the quantitative analysis of XPD patterns made by software EVA FPM showed radical changes in mineralogical composition (Fig. 4.) , took place up to 1440 minutes of grinding. During the grinding of Lenti clay (Hungary) on laboratory pan grinder the proportion and content of the other mineralogical components, like Chlinochlore 11b-2, Paligorskite M, Phillipsite-K and Albite (low) have changed also, but not so intensively and strong, as Muscovite-2M1, Illite-1M and Quartz.
Conclusions
On the basis of realized grinding experiments on clay minerals of ceramic brick and roof tile industry, mined in region "Lenti" (Hungary) the following conclusions can be made:
• At the conventional clay minerals having natural BET and Langmuir specific surfaces larger than (35-40) m 2 /gram, instead of surface growth intensive surface reduction can be observed • During fine comminution of clay minerals and layered silicates with complex mineralogical composition, like Lenti clay (Hungary), the most intensive mechanochemical processes and dramatically changes can be observed in mineral component of Muscovite-2M1 -(K,NH4,Na)Al2(SiAl)4O10(OH)2 -because of its dissociation and transformation into minerals, like Illite-1M, Quartz, Albite and others.
• Using controlled mechanical activation not only the surface sizes, structures and activity, but the internal chemical and mineral structures and compositions can be modified at brick clays with complex mineralogical composition, like Lenti clay. The controlled mechanical activation of raw materials before forming especially important during production of frostresistant facing bricks and ceramic roof tiles.
